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RESEARCH MEMQRANUUM 

HElELIMINARy INVESTIGATION OF A VARIABIE-AREA 

AUXILIARY AIR-INTAKE SYSTEM AT ' 

MACH NUMBERS FROM 0 TO 1.3 

By Richard Scherrer, John F. Stroud, 
and John T. Swift 

SUMMARY 


A variahle-area auxiliary air scoop in combination with a fixed- 
area nose intake was tested at Mach numbers from 0 to 1.3. The purpose 
of the investigation was to evaluate the effectiveness of such an 
auxiliary intake in improving the net thrust of an intake -engine com- 
bination over a range of speeds. Ihe results indicated that the internal 
flow was always stable and that improvements in net thrust would be 
realized at Mach numbers up to about 1,1 for an intake design Mach 
number of 1.3* 


INTRODUCTION 


The optimum inlet area of air intakes for most turbojet engines 
varies with flight Mach number and altitude. Althougdi it is possible 
to operate an airplane or engine without varying inlet area, such opera- 
tion usually incurs large thrust losses which limit operational flexibil- 
ity and performance. PrevioTis investigations of air ihtakes designed 
for Mach nimbers near 2.0 have shown that variable inlet-area systems 
will minimize the thrust losses of intake -engine combinations when 
operating at off -design conditions, and several variable-area designs 
have been proposed. (See refs. 1 to 5.) Since it is likely that 
engines with fixed-area intakes designed for transonic speeds will also 
suffer losses in thrust at off -design conditions, calculations were 
to determine the magnitudes of these losses. The methods of reference 6 
were used in the calculations. An engine with air-flow characteristics 
sim i lar to those of the J57-P-1. operating at normal -rated conditions, 
inlets of the nor ma l -shock type, and a maximum fligdit Mach number and 
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altitude for the engine operating condition were selected. It was also 
assxmied that the difference between the cowl-suction force and the 
additive drag is that given by Fraenkel (ref. 7) and that the subsonic 
diffusion was Isentropic. Ihe results of the calculations, in terms of 
(l) percent thrust loss due to off -design operation and (2) percent 
increase in inlet area that would provide the additional air for optimum 
engine operation, are shown in the following table: 


Intake 

Ifech 

design 

No.^ 

Flight 
Mach No. 

Percent thrust loss 
due to off -design 
intake operation 

Percent increase in inlet 
area to maintain zero 
thrust loss 

1 

.3 

1.3 

0 

0 



1.1 

9 

5 



.9 

18 

13 

> 

V 

mBM 

28 

30 

0 

.9 


5 

— 




1 • 

— 



.9 

0 

-- 

N 


.7 

Ln 

8 

— 


^Design altitude = 35>000 feet 


For a design Mach number of 1.3* the intake woxild operate supercritically 
(at the max1 im^m mass-flow ratioj at sill low^ Mach numbers, resulting in 
thrust losses due to low pressure recovery. For a design Mach number 
of 0.9, the intake would operate subcritically (at less than maximum 
mass -flow ratio) at the higher Mach numbers, resulting in thrust losses 
due to additive drag. At. 0.7 Mach number, the Intake designed for 0.9 
Mach number would operate supercritically and the thrust loss would be 
due to low pressure recovery. Since the margin of excess thrust is 
generally the least in the transonic speed range, thrust losses such as 
those indicated in the table are undesirable. The effect of altitude 
was also considered in the calculations and it was found that for fixed 
inlet areas the thrust losses due to off -design altitudes could be as 
great as those due to off -design Blach numbers. Thus, in the transonic - 
speed range, a need exists for a variable-area intake for use with turbo- 
jet engines having air-flow characteristics similar to those of the 
J57-P-1. 

A study was made of several variable -area intakes that could be 
used at transonic speeds to determine the most suitable type. It was 
found that a variable -area auxiliary intake, in combination with a 
fixed-area main intake, was more congjact and therefore probably lighter 
in wei^t and less complex than any of the variable main-intake systems 
considered. As a result, an atixiliary air-intake system was selected 
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for investigation. Kie p\irpose of the investigation vas to determine 
the performance of a scoop-type variahle-area auxiliary inlet at sub- 
sonic ft.nd transonic speeds. The pressure recovery and mass -flow ratio 
of the internal flow were meastared, hut no drag measurements were made 
because the additional complication of the test apparatais was not 
believed to be Justified for a preliminary Investigation, The results 
of the tests and an evaluation of the data in terms of a thrust ratio 
are given in this report. 


NOTATION 


A 

cross -sectional, area, sq. ft 


Aaa 

Cji 

outlet area of auxiliary intake at station 2, sq. ft 
(See fig. 1.) 

^i ^pre 

effective thrust ratio, , dimensionless 

^isen 

d 

distance from bottom of basic duct. 

in. 

^re 

iE-ag, (p^-Pq) -Aot3> 

(See ref, TO 


w 

auxiliary- inlet -flap width, in. 


^1 

internal thrust, lb 
(See ref, 6.) 


^isen 

internal thrust based on 100-percent pressxire recovery. 

H 

total pressure, Ib/sq ft, absolute 


h 

one -half of duct height in vertical plane, in. 

M 

Mach number, dimensionless 


m 

mass-flow rate, pVA, slugs/sec 


mo 

mass -flow rate based on inlet area. 

PqVi 7 slugs/sec 

P 

static pressure, Ib/sq. ft, absolute 


r 

local internal-duct radius, in. 






k 
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s chord of axe described by apex of auxiliary inlet flap, in. 
V velocity, ft/sec 

X station downstream of main-duct entrance, in» 

y one-half of duct width in horizontal plane, in, 
a angle of attack, deg 

^ angle between main-duct horizontal center plane and center 
plane of inner auxiliary-inlet flap, deg 

e angle between main -duct horizontal center plane and center 
plane 6f outer auxiliary-inlet flap, deg 

p mass density, slvigs‘/cu ft 

Subscripts 

a auxiliary 

b bottom 

w conditions J^lst downstreeua of normal shock wave 
ref reference 

t top 

T total 

0 free stream 

1 main-inlet -entrance station 

la axjxlliary- inlet -entrance station 

2 outlet station of atixiliary duct 

3 diffuser -exit and survey-rake station 

4 \q>stream mass -flow-measurement station.. 

5 downstream mass -flow-measurement station 

# TTiavl ■muni theoretical valvie 
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APPARATUS AHD TESTS 
Wind Tunnel 


The tests irere conducted In the Ames 2- hy 2-foot transonic vind 
tunnel. This wind tunnel is of the closed-circuit, variable -density 
type £ind utilizes a perforated test section to allow continuous opera- 
tion from subsonic to supersonic Mach nusnbers. A centrifugEil conpressor 
in the wind-tunnel auxiliary equipment was used to induce the air flow 
through the model. 


Model 


Ihe model tested in the present investigation is shown in figures 1 
2. Both the nose and auxiliary Inlets are of the normal-shock type. 
The auxiliary inlet consists of two flaps which span the main duct as 
shown in figure 1, and was designed to satisfy the following relation 
at each flap position: 

( flL — ) . ( — ') 

' Ag - Aga ^ ^ss.' 

The Tuavi Tirnm opening occurred when these ratios were unity. The varia- 
tion of internal cross-sectional area of the duct with axial distance 
is shown in figure 3» The dashed lines in the figure represent the 
longitiidinal distribution of area remaining in the main duct for the 
variovis auxiliary-inlet openings that were tested. 


Tests and Instrumentation 


Average total -pressure recovery, mass -flow ratio, and diffuser 
total-pressure profiles in one plane were meas\iredin the model at Mach 
numbers of 0, 0,20, 0.77y 0-95, l* 13 j and 1.30 at 0° and angle of 
attack. The 68-percent a^lxlliary-inlet opening, however, was not tested 
at Mach numbers above 0.20. 

The total -pres sure recovery and mass -flow ratios were determined 
from static -pressure measurements made at two adjacent stations of dif- 
ferent cross-sectional, areas in the duct (stations ^4- and 5 in fig. l)» 
The accuracy of the method of mass-flow and pressure recovery measure- 
ment is dependent upon the local Mach number at station the area 
ratio of the contraction, the individual accuracies of the static 

-A 



6 


NACA EM A53A13 


S>ressure measurements, and the assumption of isentropic flow between 
the measurement stations. Consideration of these factors in the present 
experiments indicates maximum probable errors of ±0.01 and ±0.02 for the 
pressure-recovery and mass-flow ratios, respectively. 


RESUMB AHI) DISCUSSION 


Hie test data are presented in the oirder of increasing Mach number 
in figures I*- to 13. The data are given in plots of total -pressure 
recovery as a function of mass -flow ratio (figs. 4, 6, 8^ 10, 12, and 13 ) 
and as total -pressure profiles across the duct at station 3 (figs. 5# 7; 
9, and U). The internal flow was stable at all test conditions and 
the effect of angle of attach (4°) was generally within "the experimental 
accuracy and has not been shown in the figures. 

The mass-flow data at zero Mach number (fig. 4) are given in percent 
of the theoretical value for choked flow with unifomn velocity at the 
inlet station. It is interesting that the data for this test condition 
are correlated by the parameter m^/m^*, thus indicating that the losses 
in the main and auxiliary intakes are about eqxial. 

The total-pressure recovery at a Mach nuniber of 0.77 (fig. 8) is 
maintained above a value of 0.95 at high mass -flow ratios with the 
24-percent auxiliary-inlet opening. Smaller auxiliary- inlet openings, 
however, decreased the total -pressure recovery at mass -flow ratios 
representing eqiaal percentages of the theoretical maximum mass -flow 
ratios. This decrease is believed to be due to the increasing percentage 
of body bovuadary layer in the auxiliary- intake mass flow. This effect 
cotild be reduced by using an auxilieiry intake of smaller width -to -he i^t 
ratio, thus reducing the percentage of boundary layer for a given percent 
opening. 

Hie pressure recovery for all auxiliary- intake openings at Mach 
nvtmbers of 0.95 (fig. 10) and above, at mass-flow ratios representing 
equal percentages of the theoretical maximum mass -flow ratios, is less 
than that with the auxiliary intake closed. The maximum mass -flow 
ratios were less than the theoretical valms at all Mach numbers. 

Although the body boundary layer is probably the major factor in limiting 
the pressure recovery and mass flow for the small inlet openings, the 
losses for the 24-percent opening cannot be attributed entirely to the 
boundary layer. It seems reasonable that the steep internal-surface 
slope of the external flap of the a\ixiliary Intake at the larger openings 
woiild restilt in a detached normal shock wave at transonic speeds. This 
could cause reductions in both maximum pressture recovery and mass-flow 
ratio. Such an effect could be reduced by designing auxiliary intakes 
with the lips more nearly 


Lined with the local stream lines. 



Evaluation of the Intake ^srstea for a Design Mach Euniber of 1.3 


The effective thrust ratio (Cp) of the intake syatem tested was 
obtained by determining the engine net thrust by the nethod of refer- 
ence 6, assuming the same engine operating conditions as were mentioned 
in the Introductlcm^ and by assuming that the difference between the 
additive drag and the thnist component of the cowl -pressure force is 
that given by Fraehkel (ref. 7)* -The external drag of the intakes near 
the m a x i m um mass-flow ratios was assumed to be constant and small ^ and 
therefore was not considered in the evaluation. Ihis latter assun^rfcion 
is believed to be justified because the external -surface slopes of the 
auxiliary Intake are (2*^ to 4°) and at the design points of 

interest the mass-flow ratios of both intakes are near unity. Hie 
effective-thrust ratio was computed from, the test data for a design 
altitude of 35^000 feet amd is given as a function of Mach number in 
fig\are ll^. Values of the ratio for the main intake only, when it is 
assumed to have variable inlet area, are also shown in figure l4 for 
comparison purposes. The results indicate that the auxiliary Intake 
tested will provide increases in the effective-thrust ::atio up to a 
Mach number of about 1,1 for an intake design Mach number of 1.3» 


COHCLUDIHG REMARKS 


Variable, scoop -type, auxiliary-air intakes can provide improve- 
ments in net thrust of an intake -engine system i& the additional external 
drag is small. In®rovements in the performance of auxiliary Intakes at 
supersonic speeds can probably he obtained by minimizing the houndary- 
layer effect for small openings and by more nearly a1 ining the lips of 
the auxiliary intake with the. local stream lines. 


Ames Aeronautical. Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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Figure 3. - internai^duci-area variation. 
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Figure 5. - Totai-pressure profiie at station i5.38 for A^A,>t0.68 at free-stream Mach 

number O and a = G~. 
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Mass-flow ratio, my/m^ 


Figure 6. - Variation of total-pressure recovery with mass-flow ratio for three auxiliary 

inlet settings at Mach number 0.20 and a=0“. 
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Distance from bottom of duct, d, inches 
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o A,a/Ai * 0 
Q Atf/A ‘ 0.24 
if A,„/A, -0.24 
^ A, of A, ‘0.68 


mj-/mQ = 2.48 
mj/mQ» 2.96 
mY^fiiQ^ 3.08 
mY/mQ~ 3.48 


0.893 
H 4 /Ho ‘0.902 
H 4 /Ho ‘0.887 
H 4 /Ho ‘0.962 


Top of duct 


Bottom of duct 

.80 .84 .88 .92 .96 i.OO 



Tninl^nrtissura ratio H- /H. 

, .'-j'-'O 



Figure 7. - Totaf-pressure profiles at station 15.38 for three auxiliary inlet settings at 

free-stream Mach number 0.20 and a = 0“. 
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Total-Pressure ratfo, H^/Hq 


H 



Mass- flow ratio, mr/ron 

Figure 6. - Variation of total-pressure recovery with mass-fiow ratio for four auxiliary 

Inlet settings at Mach number 0,7 7 and a = O'*. 
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Dtstanc 0 from bottom of duct, d, Inchos 


Cd 


oA,a/A,»0 mj/mQ= 0.990 H^/Ho^O.OdO 

^ A,a/A,-0.24 mj/mQ = 1,222 Hf/Ho^0.950 



Top of duct 


Bottom of duct 


Total-pressure ratio, Hy/Ho 


Figure 9. - Total-pressure profiles at station 15.38 for two auxiiiary iniet settings at 

free-stream Mach number 0.77 and a ‘•O’. 
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Mass-f low ratio ^ my/mp 
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/ V# w / »✓* r » *# » • %^tr vpaww rM«r*p^ f «vwr wwn««c*#r/ 

//7/ff/ settings at Mach number 0.95 and a- CTl 




o A,a/A, = 0 0. 979 H 4 /H 0 = 0. 923 

O A,a/A, ^ 0. 12 mf/mo - / . 082 H 4 /Hq^ 0. 904 

u A,a/A,-0.24 mT/mo=l.l58 H 4 /Hq= 0.944 



.80 .84 .88 .92 ,96 1.00 

Total-pressure raiio^ H 3 /H 0 


Figure II. - Total-pressure profiles at station 15.38 for three auxiliary Inlet settings at 

free-stream Mach number 0,95 and a^O". 
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^ A,a/A, = 0J2 
Q Atg/A,-0.24 

O ,2 .4 .6 ,8 1,0 1,2 1.4 

Mass- flow ratio, m^/mQ 

Figure 12. - Variation of total-pressure recovery with mass-flow ratio for four auxiliary 

Inlet settings at Mach number 1.13 and a- 
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Figure 13, - Variation of total-pressure recovery with mass-flow ratio for four auxiliary 

inlet settings at Mach number 1.30 and a ^0^. 
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